In this paper, axisymmetric stresses of an infinitely long hollow circular cylinder are found from the strain compatibility equations that are reduced to a system of Bessel-type ordinary differential equations by the Fourier transform. The constants of integration of the expressions for the Fourier transforms of stresses are determined by the Fourier-transformed equilibrium equations and boundary conditions. Numerical results are given for the particular case of cylinder's load.
In this paper we proposed a solution difficult stresses problem: to calculate the stress state of infinite hollow cylinder under various loads on the lateral surfaces. The urgency of this problem is determined by the fact that the construction of a cylindrical form is widely used in aircraft industry, mineral resource industry, oil and gas industry, heat and power engineering and building industry.
Solutions to many problems encountered in the practice of the stress state of hollow cylinders obtained by stress functions are given in [1] . Stress functions satisfy the certain differential equations, which are obtained from the equilibrium equations of forces, the strain compatibility equations and Hooke's law. More often used Love's biharmonic stresses function for solving axisymmetric problems of the elasticity theory [2, 3] . With the mentioned function a solution of elasticity theory for an infinite hollow cylinder under the action of an axisymmetric load on the part of the lateral surface was obtained in [4] .
In this paper, axisymmetric stress state of infinite hollow cylinder is determined immediately from the solution of the boundary value problem for the system of the Beltrami strain compatibility equations without stress functions.
Formulation of the problem
Let the infinite elastic cylinder (a r b, |z| < ∞) is loaded on the lateral surface part by the surface force having components F r (z), F z (z) that don't depend on the angular coordinate Fig. 1 .
Fig. 1. Scheme of the cylinder loading
The stress tensor components at axisymmetric deformation σ jk , j, k = r, θ, z are described by the Beltrami equations [1] :
A comma at a subscript indicates the partial differentiation over the coordinates specified after the comma.
The harmonic function σ is related to the diagonal components of the stress tensor and the Poisson's ratio µ by the equation
This function is impossible to find by solving the Dirichlet problem for Laplace's equation by the known methods, because its value can't be set on the boundary of the cylinder.
The system of equations (1)- (4) is the system of eighth order. The order of the original system is artificially increased in its derivation [1] . As a result, possible solutions of the system (1)-(4) generate a class of functions greater than possible solutions of the problem of the elasticity theory [5] . Therefore, we require that the functions σ jk , j, k = r, θ, z, that detected from the Beltrami equations, have to identically satisfy the equilibrium equations:
Boundary conditions for (1)- (4):
The stress functions are represented as the Fourier integrals in complex form
Here and below overline denotes the exponential Fourier transform of function:
The calculation of the Fourier transform of the stresses
Multiplying all terms of equations (1)- (4) and (6), (7) by 1 √ 2π exp(−iωz) and integrating with respect to z from −∞ to +∞, we derive the following system of the ODE:
We turn to the new independent variable ρ = ωr in equations (13)- (16), (17), (18):
Hereinafter the primes indicate differentiation on ρ.
The boundary conditions for equations (19)-(22) follow from the Fourier-transformed equations (8)-(10):σ
Values ofσ rr ,σ θθ are obtained from the known solution of Lame's problem [6, 7] at ω = 0. We introduce some new unknown functions in order to integrate equations (19) and (20):
from whichσ rr andσ θθ are expressed by formulas:
Adding and subtracting equations (19), (20) term by term, and considering expressions (28), (29) and (22), we determine:
The general solution of (22) isσ
where A, B are any constants, I 0 (ρ), K 0 (ρ) are the modified Bessel functions of zero order. Using the differentiation formulas, the recurrence relations for the Bessel functions [7] and equation (34), we findσ
Substituting formulas (34), (36), (35) in the right side of equations (19), (20), (21) we rewrite:
Equations (37)- (39) are the special cases of the heterogeneous modified Bessel equation of n-order
Its particular solutions are given by
Giving values of the corresponding numbers in the right parts of equations (37)-(39) to constants n, M и N of equations (40)- (42), we can write their general solutions
where A k , B k , k = 1, 2, 3 are any constants. We expressσ zz from the Fourier-transformed formula (5) taking into account (28):
Representσ rr ,σ θθ ,σ zz in equations (23), (24) by formulas (30), (31), (46) and derive two equations, which functionsσ, s 1 , s 2 ,σ rz have to satisfy identically
Identities (47), (48) 
allow establishing communication between constants in formulas (43)-(45).
For the linear combination of the modified Bessel functions
the following equations [7] are correct
We substitute s 1 (ρ), s 2 (ρ),σ rz (ρ), σ(ρ) in formulas (47), (48) for equations (43), (44), (45) and (34). Using expressions (49)-(52), after transformations, we obtain two identities:
In recording (54) we take into account that
The expressions in parentheses in formulas (53), (54) have to equal zero, because I n (ρ), K n (ρ) are the linear independent functions by definition. This requirement will be satisfied if the constants are related by the following equations:
We replace A 2 , B 2 ,A 3 , B 3 in equalities (44), (45) by formulas (55), (56), respectively, and, considering expressions (30), (31), we can write forσ jk :
Subjectingσ rr ,σ rz to the boundary conditions (25)-(27), obtain a system of algebraic equations for calculating the constants A, B, A 1 , B 1 :
where C 1 (ρ) = I 0 (ρ) + I 2 (ρ), C 2 (ρ) = K 0 (ρ) + K 2 (ρ), C 3 (ρ) = 2ρI 1 (ρ) + 2(2µ − 1)I 2 (ρ), C 4 (ρ) = 2ρK 1 (ρ) − 2(2µ − 1)K 2 (ρ),
Solving the system of equations (60)- (63), we determine the constants in formulas (34), (43), (57)-(59) expressing the Fourier transform of the stresses. The inverse Fourier transforms (11) are carried out numerically.
The coefficients B, B 1 , B 2 , B 3 have to set equal to zero in formulas (34), (43)- (45) forσ, s 1 , s 2 ,σ rz and eliminate boundary conditions (8) and (25) to apply the above dependencies for calculating the stresses in a solid cylinder. 
